Abstract The development of coal mine methane (CMM) projects is subject to various kinds of risk, one of these being their highly variable methane content. In this study, a new methodology is proposed to reflect the impact of this uncertainty on a negotiated Certified Emission Reduction (CER) price, which is based on the available information. To simulate a process of price negotiation the Rubinstein-Ståhl bargaining game is utilized, where a buyer's discount factor is unknown. It is assumed that a buyer's willingness to accomplish price negotiations depends on the CER uncertainty. The bargaining model has been extended by introducing dependence of its three parameters on the probability of a failure to fulfil the contracted CER amount. To quantify this probability, we develop a conditional distribution given information on the point estimate of methane amount for the project under consideration, and on the distribution of available estimates from coal mines having similar characteristics. The proposed approach is applied to a particular CMM capture and utilization project in Anhui province, China. The results indicate that the uncertainty influence is significant, particularly when the credibility of a seller increases, i.e. the probability of a failure to fulfil the project decreases. The analysis can be of use to both negotiating parties at an early stage of a comprehensive CMM project planning.
greenhouse gas (GHG) emission reduction projects in non-Annex 1 developing countries. It enables Annex 1 countries to offset this part of their emissions reduction commitments, and the host developing countries gain in return from the technology and financing necessary for GHG prevention.
The CDM market is dominated by China. By the 1st of March 2011, over 1,200 Chinese CDM projects had been registered, accounting for 43.25 % of the total number globally. The estimated annual Certified Emission Reductions (CERs) from these projects account for 62.63 % of the total CERs from all remaining CDM projects (UNFCCC 2011).
Among the above-mentioned Chinese CDM projects, there are 42 coal bed methane (CBM) and coal mine methane (CMM) projects. In CBM, methane is drawn to the surface, and the exploitation process is similar to that of natural gas. In CMM, methane is extracted during underground coal mining operations. The introduction of advanced technologies enables it to be used as a fuel, see e.g. Utaki (2010) , which may be approved as a GHG Certified Emission Reduction. Otherwise, the methane discharged from coal seams is usually emitted into the atmosphere. The reported annual CERs from the mentioned Chinese methane CDM projects amount to over 16 million tCO 2 eq, as of the 1st March 2011 (UNFCCC 2011) . Recovery and usage of CMM resources is enthusiastically promoted by the Chinese government for CDM projects.
The methane global warming potential (GWP) is 21 1 times higher than that of carbon dioxide (IPCC 2007) . Effective methods to restrict methane emissions from a variety of sources are investigated in e.g. Brown et al. (2010) ; Magalhães et al. (2010) ; Oh et al. (2010) . CMM projects provide one more opportunity to reduce methane emissions.
Compared with other CDM mechanisms, the number of registered CMM projects is relatively low. Among others, one of the recognized reasons for this is the fact that the methane content of CMM differs substantially among projects; this may even be the case for one particular project. The quantification of the CER amount from a CMM project is based upon estimates of carbon emissions from coal resources. Numerous factors underlie these estimations. Firstly, the geological conditions of a coal mine: the methane content in coal resources, methane quality and stability, which is of great importance for the final-users, as well as coal methane reserves. The coal methane reserve factor includes the thickness of a coal seam, the depth of the deposit, permeability (Zhang et al. 2004 ) as well as the reserve pressure (Shimada et al. 2005) . Secondly, the technology employed in mining coal methane resources matters (Zhang et al. 2005; Xu 2007a ). An estimation of the amount of CER is conducted as a result of expert knowledge of the geological conditions and technology available. However, this is a challenging task. For the vast majority of inaccurate estimations, CER amounts tend to be overestimated.
In this paper, we analyse the influence of an uncertainty of CER amount on its price. Specifically, we focus on the uncertainty that is related to an imprecise knowledge of the methane content in a coal bed. Thus far, this kind of uncertainty has not been formally taken into account in price negotiations, nor in the Kyoto Protocol compliance condition of buyers. It is, however, reasonable to assume that an uncertain amount of CER has an influence on the buyer's decision. While an inclusion of this uncertainty in the buyer's compliance can be solved by adaptation of the methodology proposed in Nahorski et al. (2007) , and by that shortly to be presented in Nahorski et al. (2014) , the influence of uncertainty on the price negotiation process has not been previously analysed.
To start a CDM project, a buyer and a seller have to sign the Emission Reduction Purchase Agreement (ERPA), which is the contract underlying the trading of CERs. For this, a unit price of CERs is of great importance. In Chinese CDM projects, the CER price usually has to be bargained at the initial point of negotiations. In this study, to simulate a price negotiation process, we utilize the two-player Rubinstein-Ståhl bargaining game of alternating offers.
The Rubinstein-Ståhl game has been applied to model practical bargaining settings, such as labor negotiation (Vannetelbosch 1997) or conflict resolution in the conjunctive use of surface and groundwater resources (Kerachian et al. 2010) . It provides a suitable tool to model CER pricing, since impatient bargaining plays an important role in this kind of negotiations. Buyers, being usually international or governmental agencies, are not willing to put much effort into negotiating a single project. Typically, if after one or two rounds the parties cannot reach an agreement, the buyer gives up since they has many other opportunities for investment. For instance, Hovi (2001) considered the Rubinstein-Ståhl bargaining scheme while modelling the issue of international bargaining and enforcement, and for this the CDM was used as an example.
The main idea of our proposition is that for highly uncertain CERs, buyers tend to offer lower unit prices. Starting from this assumption, we propose to reflect this uncertainty in the parameters of the incomplete information case of the Rubinstein-Ståhl bargaining game (Rubinstein 1985) , hereafter called the extended Rubinstein-Ståhl bargaining game. The functional dependence of the parameters upon the uncertainty is proposed. To quantify the uncertainty of the amount of CER, two technical indices of methane content are used independently. Each of them provides information on a point estimate of the amount of methane and on the distribution of its uncertainty. These two types of information are combined by means of the probability theory. The results of the bargaining process are compared for the two methane content indices, for the modified bargaining parameters, and with respect to the introduced probability parameter α of being unable to fulfil the contracted amount of CER.
The methodology is exemplified by a particular CMM capture and utilization project in Anhui province, China. Nevertheless, the proposed approach is general in nature, and it can be applied for modelling the influence of the uncertainty of other estimated variables, subject to relevant modifications.
Methodology
The proposed approach for the pricing of uncertain CERs with the Rubinstein-Ståhl includes several stages. We propose to express the uncertainty underlying the estimation of the amount of CER as a conditional distribution given information on a point estimate of the amount of methane in the project under consideration and on a distribution of available estimates from similar coal mines. Furthermore, the layout of the bargaining game is extended by introducing the uncertainty in two parameters: (i) discount factor reflecting buyer's patience and (ii) the probability that the buyer is weak. The following sections describe the main components of the methodology.
The Rubinstein-Ståhl bargaining model
The Rubinstein-Ståhl game simulates a negotiation process where two players: a buyer and a seller, denoted with the superscripts B and S , respectively, bargain to share a surplus of size k. Starting at an initial period t=0, each player makes a proposal in turn as to how to divide the surplus, and the other player may agree to the offer or reject it. The acceptance of the offer terminates the bargaining process. On the other hand, a rejection means that the players enter the next negotiation period t+1, in which the roles of the two players are reversed and the side who had rejected the first offer makes a counter offer, as illustrated in Fig. 1 .
Both players discount the future at a constant rate. The discount factors δ i ,i=B,S reflect the players' impatience-the closer they approach 1, the greater the players' patience. Rubinstein (1982) used the concept of the subgame perfect equilibrium strategy to solve the negotiating problem for an infinite horizon in the case of complete information. Complete information means that the preference relations of both players are common knowledge. For the fixed discounting factors Rubinstein (1982) showed that a unique pair of bargaining strategies exist, specifying the best response to each player's offer at every point in time. In the equilibrium, the surplus k is divided between the player making the initial offer, I, and the one following, F, as
, respectively. Unlike the original exposition of the Rubinstein (1982) game, with the commonly known discount factors of both players, in this paper we consider a somewhat more realistic version of the scheme with incomplete information. Assume that both players know the seller's discount factor δ S , but the buyer's discount factor δ B remains undisclosed. A buyer can be one of two types: weak (i.e. impatient), with a lower discount factor δ l or strong (i.e. patient), with a higher discount factor δ h , and it holds 0<δ l <δ h <1. To simplify the notation we drop the superscript B denoting the buyer's discount factor, both above and in the following. A seller needs to assess the probability p that the buyer is weak. It may be concluded from the buyer's behavior; although a buyer may try to pretend that they are stronger than they actually are.
Bargaining with one-sided uncertainty has been studied by Rubinstein (1985) and reexamined by Bikhchandani (1992) , see also Srivastava (2001) for an experimental testing. Rubinstein (1985) showed that a unique bargaining sequential equilibrium exists and takes the form of the following theorem. For a game starting with the seller's offer: Here,
and
The theorem states that the equilibrium is reached not later than the second period. The value V h is equal to the seller's share in the complete-information-game equilibrium where the seller starts bargaining and the buyer is a strong one. Thus, for low p, the weak buyer is better off than in the complete-information case. For high p, both x p and y p increase in p. This is intuitive, because the more likely the buyer is weak, the more favourable the situation is for the seller.
For the convenience of calculation, we can determine the boundary point p* as that at which y p =δ
If p>p* case (i) holds.
Modelling uncertainty of the methane content distribution
Various kinds of risk influence the CER price negotiations. For the methane CDM projects these include: selection of a project site, supply and demand constraints on the electricity market in neighboring regions, potential difficulties with CER approval, validation, registration, monitoring or certification. Among other risks, the uncertainty of estimating the amount of CER is of special importance for the methane related CDM projects. Usually only a point estimate of the methane amount is provided, denoted as b x . However, this amount is uncertain and the real value may differ. The uncertainty will be expressed by a conditional probability distribution f(x|I), where I stands for our prior knowledge. In this study, it is assumed that a priori we know the probability distribution function g(x) of the uncertain amount of CER with its variance σ 2 , and the estimate b x . The lognormal distribution is adopted, in accordance with the statistical inference described in Subsection 3.3, i.e.
, and the variance is Var(X)= exp(σ 2 +2μ)(expσ 2 −1). We use this distribution to infer on the uncertainty of the observation b x . In the situation under consideration, the value b x actually adds information to our knowledge of the prior distribution g(x). We make the assumption about the parameter μ, that it belongs to a given set M, i.e. μ∈M. Now, using the law of total probability we have where π μjb x ð Þ is the conditional probability density function of μ when b x is known. However, we know that, when b x has been observed, both b x and μ are deterministic values. Thus, π μjb x ð Þ is simply a deterministic function μ b x ð Þ . Formally, we insert π μjb (5), where δ is the Dirac delta function and μ b x ð Þ is a deterministic value. This gives f xjg; b x ð Þ¼g xjμ b x ð Þ ð Þ. To find the function μ b x ð Þ we estimate μ in (4) using the maximum likelihood method with one observation b x . Consequently, we have
The maximum of this function with respect to μ is for
Inserting this value into (4) we finally get
As b x ¼ e μ , then b x is the median of the above distribution. Although b x seems to be a natural value to be taken as the amount of CER, the question arises as to whether another value might be more profitable from the seller's point of view. Let us introduce the probability α∈[0,1] and denote by x α the quantile of order α of the distribution, compare also Fig. 2 . The true value of the amount of methane is lower than x α with probability α. In other words, α expresses the probability that the terms of the CMM project, with the amount of CER equal to x α , may not be fulfilled due to an insufficient amount of methane. To avoid reference to specific values, in the following we use the ratio r α ð Þ ¼ xα b x , which is a non-dimensional value. 
where ϕ is cdf of the standard normal distribution. We obtain
In our case μ ¼ ln b x , therefore it follows
and r(α) does not depend on b x .
Modelling beliefs on parameters of bargaining model
Any change of the amount of CER is to the detriment of both parties. Due to the highly attractive commercial benefits of CDM projects, a project buyer is in pursuit of high volumes of CERs. Obviously, the higher the CER amount is, the more valuable a project becomes. However, if the amount of methane actually generated is lower than the amount considered in a negotiation period, it affects the buyer's benefit, due to the favourable conditions a buyer might have given to a seller during the negotiations. In this subsection, we aim to incorporate the risk into the extended Rubinstein-Ståhl negotiation model, so that the seller's belief on a buyer's negotiation position reflects the uncertainty of calculating the amount of methane. It is assumed that the uncertainty of assessing the amount of CER is known to the buyer. So, both the estimates of the buyer's discount rates (δ l ,δ h ) and the probability p are affected by this risk, which we express with respective functional dependences. For this, a set of common sense assumptions are taken and possibly the simplest relationships that satisfy them are constructed.
Discount factors δ l ,δ h . Let us denote the lower and upper estimates of a low discount factor δ l by δ ll and δ lh , respectively. Similarly, let δ hl and δ hh stand for the lower and upper estimates of a high discount factor δ h . Assuming a linear positive relationship between the uncertainty α and buyer's unknown discount factors δ l and δ h
The above expressions approximate the main relations in the simplest way. Greater uncertainty α of the CER amount estimation strengthens the buyer's position, and this is reflected in their higher discount factors.
Probability p. We model the probability p that the buyer is weak as a third order polynomial of α. It is the simplest polynomial satisfying the following conditions
which are assumed to be approached slowly
where p′(⋅) denotes the first derivative. The conditions provide the following function p(α)
The function is monotonically decreasing, expressing the intuition that the higher the uncertainty of methane calculations is, the stronger is the buyer's position, and thus the lower is the probability that they are weak.
3 Case study
Introductory information on the Huainan project
The considered CMM capture and utilization project is located in Huainan, Anhui Province of East China. The coal mine belongs to Huainan Coal Mining Group Co., Ltd., situated in the north central part of Anhui Province. Although coal resources of the Huainan mining area are very rich, the geological conditions are complex. Many of the mines experience a high content of explosive mine gas, largely composed of methane and, thus, extremely hazardous to miners.
Within the initiated project, installed technologies capture the CMM and enable its use as a fuel source. This prevents methane from being released into the atmosphere, and increases the safety of coal extraction at the same time. As a result, emission reductions were achieved through combustion of the extracted CMM, which replaced conventional coal usage in more than 15,000 households and was also used in the generation of electricity in the industry sector (Project Document Description 2006).
As mentioned before, division of the margin between the buyer's highest CER unit price and the seller's (Huainan Coal Mining Group Co., Ltd.) lowest price is negotiated at the ERPA stage. In the following we assume that a broker function is incorporated into either the buyer's or seller's side.
Negotiating CER price: no uncertainty case
In this subsection we consider the negotiation of the CER price, taking no account of the uncertainty of the methane content. To apply the bargaining theory, proper discount factors should be selected for both parties. In practice, this becomes a challenging task. This is particularly true for a buyer's discount rate, which remains basically unknown.
In this case study, to set the values of discount factors (or, in the following, their upper and lower limits) expert assessments were used that were based on the project's documentation. Below we list the most important factors influencing the negotiation positions of the CMM project parties. First of all, there is the costs of communication between parties. Usually English is the working language, so a seller (the Chinese side) needs to hire some interpreters. On the other hand, a buyer also needs to hire some local experts or establish an agency in China to facilitate negotiations. Secondly, collating information comes at a cost for both buyer and seller and acts as a further drain on their discount rates. Before a buyer gives an initial price, they must verify the information on the project from various channels; not only those limited to formal documents and local information, but also from the authorized third parties.
In the current conditions of the Chinese CDM market, the sellers are more concerned to sell the CERs than the buyers are to buy them. This is due to the numerous other opportunities available to the buyers to find a more profitable option. Big international buyers usually possess extensive knowledge of the international CDM market, which besides China, also includes India, South America and others.
Obviously, both sides hope to reach an agreement (i.e. sign ERPA) as soon as possible. The buyer's patience is closely related to the international carbon market price and its domestic environmental policy. That is, when the international carbon market price is decreasing, a buyer will have a lower discount factor. On the other hand, the Chinese side is usually unfamiliar with the international carbon market along with environmental policy of a buyer's country. Therefore, from the seller's point of view, the buyer's discount rate is assumed to be unknown. The seller's discount factor is mainly decided upon by the project's risk factor.
Here, the seller estimates that the buyer is either a weak player with a discount rate δ l =0.91, or that they are a strong player with a discount rate δ h =0.975. Furthermore, the seller assumes that these two situations have equal probabilities, i.e. p=0.5. The seller's discount factor δ S =0.94 remains common knowledge. For a case with no account of uncertainty, we analyse a real bargaining situation from the past, and therefore use the costs and prices from that period of time. The aim is to check whether the prices calculated from the model are comparable with the actual negotiated ones. When the Huainan project was negotiated, the floor CER price demanded by the Chinese authorities for CMM projects was set at 8 Euro (approximately 70 Yuan/ton); we treat this value as the seller's conservative price. The buyer set his conservative price at 170 Yuan/ton, which yielded a surplus k=100 Yuan/ton to be divided among the players.
Negotiations started with the seller's offer. From (3) we calculate p*=0.45, and since p>p*, we follow case (i) of the Theorem. The seller proposed that their benefit is
from where the CER price is 108.49 (Yuan/ton). The weak buyer accepted this offer, whereas the strong one rejected it. Then, in the next step, the strong buyer offered to the seller a benefit of
yielding the CER price of 102.41 (Yuan/ton). Comparing these results to the CER price negotiated for the Huainan project, the actual buyer was a weak one.
Estimating uncertainty of methane content assessment
High risk of CER estimation in CMM projects is related to the selection of the project site. It determines such factors as methane reserves, geological mining conditions, gas quality, local demand, gas prices on the local market or currency exchange rate, etc. (Xu 2007b) . These uncertainties and risks, although important for both the seller and buyer, are not considered in the study. Here we assume that the project site is known and we focus on an uncertainty of CER originating from inaccuracies in the assessment of the amount of methane for an already selected project site.
For CER assessment, typically the ACM0008 methodology is applied, see ACM (2010) and UNECE (2010). According to this methodology, the annual (Certified) Emission Reductions ER of a CDM project are calculated as
where BE are the baseline emissions, saved due to the implementation of the project; PE are the project emissions; and LE are the leakage emissions. In the CMM case study under consideration, the baseline emissions are represented by the mined methane, which replaces the use of other fuels. Uncertainty of emission reduction is mainly due to baseline emissions BE, since project emissions PE can be estimated with much better accuracy and leakage emissions LE are minor. Therefore, the two latter sources of uncertainties are neglected, and it is assumed that uncertainty of the overall emission reduction is caused by the baseline emissions, which is strictly related to the methane content in the coal bed.
For the Huainan project, uncertainty of methane emission estimation is characterized with two indices: the highest methane content in the coal bed seam and relative methane emission, both measured in m 3 /t. The former index is typically used in China to estimate future CER production, while the latter accounts for the technology that has been adopted and provides a more accurate estimation. Figure 3 shows the positively skewed distributions of these two indices, based on data from 25 coal mines, which extract coal from beds of a similar nature in the region. Thus, the histograms show distributions of the indices in Chinese coal mines of the type similar to the one considered in the case study. We fit the lognormal distributions to the data for both indices, and test the results with the Kolmogorov-Smirnov test, see Table 1A of the supplementary material. Apart from the lognormal distributions, other density functions have also been considered (see the supplementary material). The lognormal distribution provided the best results out of the considered functions.
For the considered indices of the highest and relative methane content, the ratio r(α), calculated with Eq. (7), will be considered in the following. This is shown in Fig. 4b . We determine r min =r(α=0)=0, and due to the fact that the support of lognormal distribution is unbounded from above, we set r max =r(α=0.995), which provides r max =2.79 for the highest methane content and r max =6.27 for the relative methane content. Note that r(α=0.5)=1, i.e. when x α ¼ b x . This is a consequence of the fact that b x is the median of the distribution f xjg; b x ð Þ . The scale parameters have been estimated as σ=0.399 for the highest methane content and σ=0.713 for the relative methane content.
Simulating negotiation outcome under uncertainty
In this section, the influence of the uncertainty of methane calculations on the negotiated CER price is analyzed. The resulting CER prices are presented in terms of the seller's share of the surplus. To calculate a final CER unit price, a seller's share has to be multiplied by k and added to their conservative price.
We begin with modelling the unknown buyer's discount factors δ l and δ h , as well as the probability that a buyer is weak, see Fig. 4 . The following lower and upper limits of discount factors were assigned: δ ll =0.88, δ lh =0.94, δ hl =0.96, δ hh =0.99. Note that the previously assigned values δ l and δ h were fixed as the middles of the discount rates δ ll ,δ lh and δ hl ,δ hh , respectively. As before, the seller's discount factor δ S =0.94 is adopted. Figure 4a depicts the boundary point p*=p distinguishing between the cases (i) and (ii) of the theorem (here, for α=0.56), and Fig. 4c presents the optimal share of a surplus for a range of α values. The difference between the shares accepted by a strong and a weak buyer is about 5 % of the surplus, and note that it is practically independent of α (as long as α<0.56). Naturally, the higher the uncertainty α is, the lower share of a surplus the seller gets, and this value is decreasing from 0.69 down to 0.14.
Figure 4c also provides comparison with the previously considered no-uncertainty case, depicted with red lines. For the values of discount factors under consideration, these two instances provide the same results for α=0.5, as indicated with a dotted vertical line. Recall that α=0.5 may be interpreted that the uncertainty is neglected, upon which the estimated value x α ¼ b x is taken. There r=1, compare Fig. 4b . uncertainty distribution of the highest methane content has a lower dispersion. It should be also noted that the highest methane content index is more often used in China. The situation changes when r>1. Then the reduction is less credible and it is better for the seller to consider the relative methane emission index. Technically, this is the effect of its higher dispersion. For a given value of r>1, the probability of not fulfilling the project is smaller for the relative methane emission index than for the highest methane content one. Overall, the consideration of the CER price in the function of r expresses a seller's trade-off between gaining a better unit price which, however, requires assuring more credible emission reductions. The proposed approaches for modelling discount factors δ h and δ l , as well as for modelling probability p, do not need to be applied jointly. Each of these can be used as a separate part of an analysis. Figure 5 presents the negotiation outcome for the case of a constant p=0.5 (Fig. 5a) , and for the case of a constant buyer's discount factors δ l =0.91, δ h =0.975 (Fig. 5b) . In general, when either the discount factors or probability p are modelled, the situation for a seller is less restrictive as compared with the previous results. In particular, for α close to 1, i.e. when almost the whole of the uncertainty distribution is accounted for, their share of a surplus does not drop below 0.24, while it was 0.14 in the previous setting. Note that in the case of a constant p=0.5 (Fig. 5a) , for the whole range of uncertainty parameter α the case (i) of the theorem applies, and the seller receives a different share depending on the type of the buyer. The applied Rubinstein-Ståhl bargaining game hinges upon assigned values of the discount factors. While the above analysis assumed a constant value of the seller's δ S =0.94, Fig. 6 presents the optimal seller's share for different values of discount factors for both negotiating parties. To this end, a simplified assumption was made δ h =δ l +0.1, and, furthermore, constant p=0.5 was assigned. The difference in results between the case of a weak and strong buyer was negligible, and therefore is not presented. The figure illustrates that for a high range of discount factors, e.g. higher than 0.7, a negotiation outcome is highly sensitive to small changes in these values. This is not the case for a low range of discount factors.
Summary and conclusions
This paper addresses the problem of uncertainty in methane content for CMM projects, and its impact on a negotiated CER price. The Rubinstein-Ståhl bargaining model-in the case of incomplete information-is used to simulate negotiations concerning CER price. The bargaining model has been extended by introducing dependence of its three parameters on a distribution of methane content uncertainty, and more precisely on its quantile of order α, where α is the probability of failure to fulfil the contract due to insufficient methane content in the coal bed. The lower and upper discount factors of a buyer have been chosen as simple linear functions in a predefined range of values. The probability that a buyer is a weak negotiator was designed as a third order polynomial, satisfying a few intuitive conditions. The proposed methodology was applied for a CMM project implemented in the Huainan coal mine, the Anhui Province in Eastern China. Uncertainty distribution of the methane content was estimated using data on two types of indices, which were gathered from 25 Chinese coal mines with similar geological conditions.
The investigations revealed a few interesting results, fully compatible with those that were predicted as well as fitting in with current negotiation practise.
The uncertainty highly impacts the negotiation results and the parties' shares of the surplus. The dependence of the seller's share on the amount of methane adopted for the project is quite high, particularly for the values of α<0.5 or r<1, that is for more credible methane contents. There, along with the decreasing probability of noncompliance the seller's share rises fairly rapidly. The gain of the seller's share, when negotiated with a weak buyer instead of a strong one is about 5 % of the surplus, almost independent of the uncertainty parameter α. This result indicates that a seller can earn a considerable amount of money by being presented with the chance to negotiate with a weak buyer. Although the analysis covers the full range of the probability 0≤α≤1, it is rather unreasonable for the seller to consider either very small or very high values of α. Still, the analysis of this paper presents only a partial answer to the choice of α. Other aspects should also be taken into account, such as the gains achieved when the declared CER amount is satisfied as well as the costs of failing it. To solve these questions the CER price has to be known. In this respect, an analysis of the price bargaining, like that which is presented here, must be an essential part of a comprehensive project planning.
Acquisition of the discount factor values is a difficult part of the analysis. Intuition and experience as well as some intelligence methods may help to assign them. For instance, in their case study Kerachian et al. 2010 utilize the fuzzy set theory to better define uncertainty in utility functions, which, together with discount factors, define the preferences of parties. Another approach would be to introduce the learning stimuli in the bargaining strategies based on the information gathered, but this requires longer sequences of negotiation periods.
In this study simple models of the buyer's reaction to uncertainty have been assumed. More advanced modelling requires wider analysis of the buyer's incentives in the project, accounting also for other factors, such as the project's size.
